Two unique models, the Lam-Bremhorst low Reynolds number turbulence model (LBLR) and a multiple airflow regions model (MARM), were compared in describing the distribution of carbon dioxide (CO2) in a simulated swine grower pen used in a previous experimental study (Brannigan and McQuitty, 1971) . The results from this comparative study indicate that the LBLR model's ability to predict airflow patterns greatly enhanced prediction of carbon dioxide distribution. The MARM and LBLR models predicted normalized CO2 levels within 4% of each other in airflow regions composed mainly of the ventilating airjet (the primary zone), but were in disagreement by as much as 48% in regions furthest removed from the airjet. In a region defined as the general building air zone, differences in predicted normalized CO2 between models ranged from 0 to 50%. The MARM model requires a prescribed airflow pattern and a detailed knowledge of entrainment ratios that reduced the predictive ability of overall contaminant dispersion. 
Primary emphasis has been to relate gas release into the building and its movement relative to the building airflow patterns. Timmons et al. (1980) applied an inviscid twodimensional model to a slot-ventilated livestock facility. Janssen and Krause (1988) applied a two-dimensional model that described velocity, temperature, and contaminant distributions in slot-ventilated livestock facilities. The model used an augmented laminar viscosity to account for turbulence effects in the building. Choi et al. (1987 Choi et al. ( , 1988 Choi et al. ( , 1990 ) applied the isothermal fully turbulent k-e model to a two-dimensional slot-ventilated enclosure. They investigated the distributions of velocity and contaminants with and without obstructions and found very reasonable agreements with experimental results. numerically investigated the threedimensional buoyancy affected airflow in slot-ventilated systems using a low Reynold's number turbulence model. Airspeed and temperature distributions and overall airflow patterns were found to be in reasonable agreement with measured results from a scaled enclosure.
De Praetere and Van Der Biest (1990) investigated the influence of airflow patterns on NH3 distributions in a swine facility. They compared NH3 distributions using a conventional slotted inlet system and a slatted floor inlet system. For both arrangements, they measured NH3 distributions consistent with the observed airflow pattern.
The purpose of this project was to compare two unique mathematical models for describing the movement of carbon dioxide in a simulated swine grower pen. The VOL. 39(3): 1151-1157
Transactions of the ASAE models tested were the Lam-Bremhorst low Reynolds number (LBLR) turbulence model (Lam and Bremhorst, 1981) and the multiple airflow regions model (MARM) (Liao, 1989) . Model performance was compared using a previously defined experimental set-up (Brannigan and McQuitty, 1971 ). Successes and failures of each model are identified and areas of further research are discussed. 
COMPARATIVE EXPERIMENTAL STUDY

DESCRIPTION OF MODELS INVESTIGATED
The LBLR turbulence model (Lam and Bremhorst, 1981) and the MARM developed and tested for a previous research project (Liao, 1989) spaced evenly, while grid points in the x (axial) and y (vertical) directions were nonuniform. In the y direction, grid points were concentrated near the inlet-slot region and near the floor region. The nonuniform grid spacing in the x and y directions concentrated the grid near regions where large gradients were expected (i.e., inlet-jet profile, CO2 mass fraction profiles) which resulted in an efficient use of a limited grid (Patankar, 1980) CO2 gradients at all solid boundaries of the chamber were set equal to zero. The numerical grid used was a 25 x 18 X 15 grid for the x, y, and z directions, respectively. Grid points in the z direction (transverse to air jet) were diffusers (ASHRAE, 1993) .
The primary air zone and the building air zone are assumed to exist in parallel layers with the direction of the incoming jet. That is, the primary air zone assumes that the incoming jet remains parallel with the inlet air direction along the entire lengtii of the building. This can be a serious drawback especially for inlet jets lacking sufficient inlet momentum or jets which are affected by buoyant forces since in these cases the jet will not remain parallel to the inlet direction. This effect will be demonstrated in the results section. 
SUMMARY OF MODELS
Both models are unique but have a common goaldescribe contaminant gas dispersion in ventilated airspaces. The MARM model requires a prescribed airflow pattern and a description of airflow exchanges between adjacent control volumes, that ultimately are linked to the entrainment ratio between the airjet region (the primary air zone) and the remainder of the ventilated space (general building air zone). The LBLR model utilizes coupled partial differential equations to describe mass and momentum transfer to determine air motion in both the primary and general building air zones, then uses this information to prescribe gas dispersion. Certainly, one would expect the LBLR model to yield more accurate information on the convective transport since air motion is a critical link to the problem. The purpose of testing these two models is to determine if the simpler MARM model, either as is or with modification, can adequately predict trends and absolute values of gas concentration in a ventilated livestock facility. Table 2 fig. 2a ) most closely represents an air jet that penetrates the entire length of the ventilated airspace. Therefore, as ventilation rate increases, one would expect that the LBLR and MARM models predict similar results. As shown in table 2, differences between predicted results were in general much lower for run 1 versus those for run 3, supporting this statement.
RESULTS AND DISCUSSION
MODEL COMPARISON
Away from the primary air zone (region B; fig. 2a ), large differences were found between models. The largest difference between models for predicted normalized CO2 concentration occurred furthest away from the influence of the airjet; defined as the lower left control volume. In this region, a 45 and 50% difference existed between model predictions for runs 1 and 3, respectively. For the ventilation arrangement given, with contaminant gas originating from the floor region, one would expect that the highest concentration should be found at the lower left control volume. The LBLR model predicted this Table 2 occurrence for both runs 1 and 3 whereas the MARM model predicted that the largest concentration was located at the lower right control volume. For the ventilating arrangement modeled ( fig. 1) , one would expect a clockwise rotary airflow pattern where airflow near the floor would move from right to left. With a contaminant gas originating near the floor, concentrations should increase from right to left, as air entrains fluid in the near-floor region. The LBLR model predicts this expectation with the MARM model predicting the opposite. If contaminants in this region are convectively transported, then the results from MARM suggest a general airflow pattern near the floor from left to right, countering one's intuition. Clearly, in regions removed from the airjet region, the MARM model becomes inadequate if overall trends in gas dispersion are desired. In terms of concentration profiles and trends, the LBLR and MARM models agree along the left side, top, and right side control volumes. The internal vertical profiles agree in trend with concentrations varying from low to high as one moves from chamber top to bottom. All horizontal profiles predicted with MARM, with the exception of the top control volumes, have opposite trends. In regions defined as the general building air zone, differences between models varied between 1 and 45% for run 1 and between 12 and 50% for run 3.
A major advantage for the LBLR model is that airflow patterns are predicted and hence become an integral component to the distribution of CO2. In general, airflow patterns in livestock-ventilated spaces will define the concentration gradients within the building. Brannigan and McQuitty (1971) studied both ammonia and carbon dioxide and showed similar gradients and trends between ammonia and carbon dioxide, despite their density differences. This supports the fact that convective transport governs gas dispersion which ultimately implies that airflow patterns must be accurately predicted before concentration gradients can be accurately predicted. The MARM model did very well, compared to the more cumbersome LBLR model, in regions directly affected by the airjet which is well defined with an assumed trajectory. Outside of this region, however, the model requires a better description of overall air motion to accurately describe convective transport.
IMPROVEMENTS TO THE MARM MODEL The inability of the MARM model to accurately predict airflow patterns limits the usefulness of the model as the following demonstrates. Figure 3 summarizes the LBLRpredicted axial velocity isovels (m/s) and normalized for runs 1 (figs. 3a, 3d),  2 (figs. 3b, 3e), and 3 (figs, 3c, 3f) . If one uses the 0.10 m/s isovel to assess airjet penetration, then clearly the airjet penetration increases as ventilation rate increases. For each ventilation rate, a large reverse circulation region is predicted (negative axial velocities) near the floor and to the left of the chamber. This region accumulates entrained gas near the floor emission locations and builds to an upper maximum at the lower left comer of the building. Airflow patterns near the floor were not specified with the MARM model hence resulting in the discrepancy with the LBLR model previously ouflined.
An improvement to the MARM model would be to use our current knowledge of airflow patterns using the momentum ratio (R^) concept proposed by Adre and Albright (1994) . With this knowledge, airjet paths could be predicted that would pre-describe a more complete airjet path throughout the general building air zone improving predicted gas dispersion trends and profiles using the MARM model, liie MARM model compared with this study did not attempt to predict an airjet trajectory beyond the region defined between the inlet and the outlet. As a consequence of this, expected gas dispersion trends were not well predicted with the MARM model.
The MARM model could be improved by allowing the primary air zone to exist in areas not necessarily projected horizontally with the inlet airjet direction. If rules were established that adjusted the primary air zone consistent with the presumed airjet trajectory, then it is reasonable to expect that the MARM model would be able to predict trends in gas dispersion at a level competing with the more cumbersome LBLR model.
SUMMARY
This research project investigated the performance of two mathematical modeling approaches for describing the transport of a contaminant gas in livestock facilities. The results indicated that both the LBLR and MARM models predicted similar trends and normalized CO2 levels in the primary air zone, defined as the region immediately affected by the ventilating airjet. Near the floor, containing the gas source, profiles predicted with the LBLR model were as expected with those predicted by the MARM model in contrast to expectations. Improvements to the MARM model could be immediately realized by providing a better description of the airjet's path throughout the ventilated air space.
